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Abstract
Objectives: To measure the density of retinal vessels from 
digitized fundus photographs in patients with recent stroke 
and age-matched controls. To investigate whether the pa-
rameter retinal vascular density (RVD) served as a quantita-
tive marker for cerebrovascular events. Methods: Digitized 
fundus photographs of n = 158 subjects with stroke or tran-
sient ischemic attack within 1 year at the time of examination 
and n = 1,250 age-matched controls without any remarkable 
medical history were examined. Sex, hypertension, and dia-
betes were considered to be cofactors. Measurement of RVD 
was performed with a computer-aided image-analyzing pro-
gram by segmenting automatically all visible retinal vessels 
and measuring areas of vessels in distinct circles around the 
optic disk. Results: In controls RVD dwindles with increasing 
distance from the optic disk. RVD decreased significantly 
with age (p = 0.000). Stroke patients showed significantly 
lower values of RVD of –15% in comparison to age-matched 
controls. In old subjects, stroke in combination with hyper-
tension is associated with a significant decreased RVD, and 
in middle-aged subjects diabetes and stroke are associated 
with a significant decreased RVD (p = 0.01). Conclusion: Age 
and stroke are significant risk factors for decreased RVD. Dia-
betes and arterial hypertension are additional significant risk 
factors in patients with stroke with respect to RVD.
© 2018 S. Karger AG, Basel
Introduction
The retina is the only part of the human body that of-
fers the opportunity to in vivo examine the microcircula-
tion of the cerebral circulation in a noninvasive way. It is 
well known that changes in the retinal vascular system 
provide a clue to the vascular status of various organs [1]. 
Population studies have found hypertension, diabetes 
mellitus, hypercholesterolemia, nicotine abuse, over-
weight, and physical inactivity to be associated with sys-
temic microvascular damage. Furthermore, the base rate 
of microvascular alterations was announced to be strong-
ly age related [2–6]. As reported previously, patients who 
suffered from minor stroke showed a significantly higher 
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prevalence of retinal microangiopathic abnormalities 
compared with age-matched “healthy” controls [3]. Due 
to the fact that the retinal and cerebral vessel systems 
share embryological, anatomical, and physiological char-
acteristics, both show similar pathophysical attributes [6, 
7]. Thus, the retinal capillary bed is thought to especially 
mirror cerebral microvascular changes. Pathophysiologi-
cally, vascular endothelial changes can lead to breakdown 
of autoregulation in the retinal and cerebral capillary sys-
tems [6–9].
Previously developed quantitative methods by using a 
semiautomated computer-based program to analyze the 
retinal circulation add to the clinical ophthalmologic ex-
amination. First efforts to evaluate the retinal vascular 
system with quantitative parameters have been reported 
[5, 10, 11].
The effect of age and impaired cerebral circulation on 
retinal microcirculation requires further exploration. 
Therefore, we tested an applicable technique based on 
retinal color image evaluation. The aim of our efforts was 
to introduce the new parameter of retinal vascular den-
sity determined (RVD) by a semiautomated, computer-
based program.
Photography of the posterior pole and the documenta-
tion of relevant medical information were performed by 
the tele-ophthalmic consultation service Talkingeyes®.
Firstly, we aimed to evaluate the association of RVD 
and age. Secondly, we examined RVD in subjects with 
stroke and in age-matched nondiabetic, normotensive 
subjects without any systemic or ocular disease. In addi-
tion, we analyzed the effect of gender, arterial hyperten-
sion, and diabetes on RVD in stroke subjects.
Materials and Methods
Design
This study was performed in collaboration between the Depart-
ment of Ophthalmology at the University Hospital Erlangen and 
the Center for Stroke Research, Charité Universitätsmedizin Ber-
lin, Campus Benjamin Franklin. The technical element of our in-
Fig. 1. Scheme of the software VesselThicknessMeasurement©. 
Retinal photograph and automated vessel analysis of the right eye 
of a subject with stroke within 1 year. Retinal vessels were segment-
ed in 7 rings surrounding the optic disk. The edge of ring 2 is 0.5–
1.0 disk diameters from the optic disk margin. Arterioles and ve-
nules in band 2 were marked by the grader. Calculations of the 
retinal vessel density are performed in bands 3–7. Retinal vascular 
density resembles the ratio of area of pixels lying on segmented 
vessels and of pixels of the ring area in percent. The rings 2–6 are 
represented with double arrows.
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vestigations was supported by the Pattern Recognition Lab and 
Graduate School in Advanced Optical Technologies (SAOT), 
Friedrich-Alexander University Erlangen-Nürnberg. The Ethics 
Committee Charité Berlin provided approval for this medical re-
search (approval No. EA2/084/11). The study was registered at the 
trial registration (clinicaltrials.gov, No. NCT01586702) and per-
formed in accordance with the Declaration of Helsinki.
Study Population
These data and images are based on examinations gained by the 
tele-ophthalmic consultation service Talkingeyes® within the 
years 2007–2015. All participants underwent a medical interview 
that included general medical, ocular medical, and family history. 
Age, gender, presence of arterial hypertension, diabetes mellitus or 
any other systemic diseases, and incident stroke were registered 
[12].
We selected a group of n = 1,250 “healthy” individuals aged 
40–89 years, without arterial hypertension, diabetes mellitus, or 
any other ocular or systemic disease or stroke or heart infarction 
in medical history. Additionally all patients with nicotine abuse, 
glaucoma, one eye missing, and images with an inadequate image 
quality were excluded. A population of n = 592 men and n = 658 
women met these requirements. The “stroke” group consisted of 
n = 158 subjects, among them n = 96 men and n = 62 women; age 
ranged from 41 to 90 years (56.78 ± 10.8 years). All of those had 
suffered from minor stroke or transient ischemic attack within 
1 year at the time of the examination, confirmed by the Neuro-
logical Department of the Charité Berlin.
Digital retinal images of both eyes were taken with a 45-degree 
nonmydriatic color fundus camera (KOWA NM-45, nonmydriat-
ic-alpha) focused on the optic nerve head region. Photographing 
was done without dilatation of pupils. Medical data and retinal 
images were stored on a server using the web-based software Med-
Stage. The evaluation of the color fundus images was carried out 
by an experienced ophthalmologist who was masked to the diag-
noses. Retinal vessel analysis was performed by the software Ves-
selsThicknessMeasurement© (Budai A., Pattern Recognition Lab 
and Graduate School in Advanced Optical Technologies, Fried-
rich-Alexander University Erlangen-Nürnberg, Erlangen, Germa-
ny). The parameters arteriovenous ratio and the RVD in predeter-
mined areas around the optic head were calculated by the program 
(Fig. 1). This work focuses on RVD.
The automated analysis consists of 4 steps. First the optic disk 
is localized automatically. The correct position of the optic disk 
head margin was facilitated by the option of modifying its position 
and diameter manually. Secondly retinal vessels were segmented 
in 7 rings surrounding the optic disk including arteries and veins. 
The edge of ring 1 is 0.5 disk diameters from the optic disk margin, 
and the edge of ring 2 is 0.5–1.0 disk diameters from the optic disk 
margin. Next, the software recognized and segmented all retinal 
vessels with diameters > 40 μm automatically via a multiscale algo-
rithm [13]. Contrast and brightness could be enhanced to settle 
uneven image brightness. Arteries and veins were manually classi-
fied. For the calculation of the arteriovenous ratio [14], the grader 
masked the 6 most prominent arterioles and venules within ring 2. 
The indices arteriovenous ratio and RVD in bands 3–7 were cal-
culated. The RVD was defined as quotient of the number of pixels 
lying on segmented vessels and the total of pixels in the defined 
ring-shaped areas surrounding the optic disk. For statistical pur-
poses, we only analyzed the right eye of a subject.
Statistical Analysis
Statistical analysis was performed by using the SPSS Statistics 
23.0 software (IBM-SPAA, Chicago, IL, USA). Both “stroke” and 
“healthy” groups were divided into 5 decades of age (41–50, 51–60, 
61–70, 71–80, 81–90 years). Continuous variables were expressed 
as mean ± standard deviation. A p value < 0.05 was considered to 
be statistically significant. To test the reliability of the software 12 
fundus images of 12 eyes of 12 patients were analyzed 5 times. A 
Spearman correlation test was used for asymmetrically distributed 
continuous variables. Furthermore, a Mann-Whitney U test (non-
parametric test) was performed comparing the index of RVD in 
stroke patients and controls by decades. To test the influence of 
Table 1. Retinal vascular density in stroke patients and healthy 
controls by age decades
Decade Retinal vascular density
stroke group control group
n mean,
%
SD,
%
n mean
%
SD,
%
41–50 
years
ring 3 10 12.38 2.10 471 12.39 2.09
ring 4 10 9.25 0.80 471 8.68 1.70
ring 5 10 7.16 0.59 471 5.98 1.92
ring 6 10 5.39 0.76 471 4.36 1.77
ring 7 10 3.66 1.17 471 3.25 2.06
51–60 
years
ring 3 19 9.98 2.68 481 11.52 1.91
ring 4 19 7.55 1.82 481 8.07 1.65
ring 5 19 5.30 2.41 481 5.81 1.60
ring 6 19 4.01 2.04 481 4.24 1.54
ring 7 19 2.76 1.71 481 3.45 2.16
61–70 
years
ring 3 57 9.28 2.33 168 10.68 1.98
ring 4 57 6.88 1.65 168 7.59 1.33
ring 5 57 5.01 1.84 168 5.52 1.54
ring 6 57 3.63 1.84 168 4.05 1.76
ring 7 57 2.03 1.59 168 2.67 2.22
71–80 
years
ring 3 60 8.71 2.26 97 10.38 1.67
ring 4 60 6.34 1.81 97 7.37 1.67
ring 5 60 4.61 1.49 97 5.35 1.36
ring 6 60 3.32 1.32 97 3.37 1.26
ring 7 60 1.95 1.35 97 1.64 1.29
81–90 
years
ring 3 12 8.49 1.84 33 8.93 1.50
ring 4 12 6.14 2.22 33 6.64 1.73
ring 5 12 4.21 1.43 33 5.22 0.74
ring 6 12 2.49 1.25 33 3.27 1.02
ring 7 12 1.22 0.55 33 1.35 1.36
n, number of patients; SD, standard deviation. Retinal vascular 
density resembles ratio of area of pixels lying on segmented vessels 
and of pixels of the ring area in percent.
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potential cofactors on RVD, we extended our analysis to gender, 
blood pressure, and diabetes in stroke patients’ medical history. A 
multiple regression was run to predict RVD from age, gender, 
stroke, hypertension, and diabetes.
Results
Reliability
The measurement of RVD of n = 12 photographs of 
n = 12 patients was performed 5 times by the same grad-
er. This resulted in a reliability of the software of r = 0.91.
RVD and Age
In the control group we found a statistically significant 
correlation of the RVD in defined areas around the optic 
disk with age (r = 0.446, R2 = 0.199, p = 0.000).
Detailed information about the RVD per decades in 
the stroke and healthy control groups is given in Table 1.
In both groups the mean retinal vascular index dwin-
dled with increasing age.
The RVD of the stroke group decreased significantly 
with age. The strongest age-dependent decrease in RVD 
was found from age 41–50 to age 51–60. In the age group 
of 51–60 years there was a significant difference between 
the control and stroke groups in band 3 (p = 0.012), in the 
group of 71–80 years in band 4 (p = 0.002) and band 5 
(p = 0.007). The group of 81–90 years showed a significant 
difference when regarding band 5 (p = 0.021) and band 6 
(p = 0.033).
Retinal Vascular Index in Patients with Stroke
Cofactor Age
Patients with stroke showed in all rings significantly 
lower levels of mean RVD, on average by 15% compared 
to age-matched controls (p = 0.046) (Fig. 2).
The stroke group revealed decreased vessel density by 
–11% in the 5th decade of age, –12% in the 6th and –10% 
in the 7th and 8th decades compared to age-matched con-
trols. The strongest decrease in vessel density by age was 
found in stroke patients from the 4th to the 5th decade 
(Fig. 3a, b).
In both groups, we found a decreasing RVD with in-
creasing distance from the optic nerve head. The RVD of 
controls decreases significantly from band 3 (mean RVD 
= 11.58) to band 7 (mean RVD = 3.08) (Fig. 2).
Cofactor Sex
Male patients who suffered from stroke had a smaller 
RVD than did female patients, without reaching the level 
of significance in the groups aged 41–50 years (p = 0.31), 
51–60 years (p = 0.31), 61–70 years (p = 0.26), and 81–90 
years (p = 0.45) (Table 2). However, the RVD of male pa-
tients aged 71–80 years was significantly (p = 0.007) de-
creased compared to females.
Cofactor Hypertension
We repeated analyses in stroke patients with hyperten-
sion (n = 140).
Multivariate regression analysis of the RVD in the 
stroke group and systemic hypertension indicated no 
significant correlation in the following groups: 41–50 
years (p = 0.57), 51–60 years (p = 0.86), and 61–70 years 
(p = 0.46) (Table 3). The group of 71- to 80-year-old nor-
motensives revealed significant higher levels of RVD 
than those with hypertension (p = 0.013). In the group of 
81–90 years, all patients suffered from systemic hyper-
tension.
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Fig. 2. Retinal vascular density around the optic nerve head in age-
matched controls and the stroke group. Retinal vascular density of 
both groups decreases with increasing distance from the optic disk 
location. Retinal vascular density of the control group decreases 
from 11.58 in band 3 to 3.08 in band 7. In the stroke group, the 
retinal vascular density decreases from 9.29 in band 3 to 2.13 in 
band 7.
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Table 2. Retinal vascular density in stroke patients by gender
Decade Patients with
stroke, n
Gen-
der
n Mean
RVD, %
SD,
%
p
value
41–50 years 10 f 4 12.83 2.12 0.31
m 6 12.09 2.24
51–60 years 19 f 6 10.40 2.18 0.31
m 13 9.79 2.95
61–70 years 57 f 22 9.55 2.83 0.26
m 35 9.11 1.99
71–80 years 60 f 25 9.54 2.13 0.007
m 35 8.12 2.2
81–90 years 12 f 5 8.58 2.3 0.45
m 7 8.45 1.6
n, number of patients; RVD, retinal vascular density; SD, 
standard deviation.
Table 3. Retinal vascular density in hypertensive stroke patients 
versus normotensive stroke patients
Decade, years Patients with
stroke, n
Patients with
hypertension, n
p value
41–50 years 10 yes: 7
no: 3
0.57
51–60 years 19 yes: 12
no: 7
0.86
61–70 years 57 yes: 52
no: 5
0.46
71–80 years 60 yes: 57
no: 3
0.013
81–90 years 12 yes 12
no: 0
n.a.
n, number of patients; n.a., not available; p value significant at 
the p < 0.05 level.
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Fig. 3. a Retinal vascular density in controls by age decades. In the 
“healthy” controls, retinal vascular density in defined areas around 
the optic disk significantly decreased with increasing age. Retinal 
vascular density was calculated by the ratio of pixels on vessels and 
pixels of the ring area. b Retinal vascular density in patients with 
stroke by age decades. In the stroke group, the retinal vascular den-
sity was higher in young subjects. The strongest decrease in vessel 
density by age was found from the 4th to the 5th decade.
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Table 4. Retinal vascular density in stroke patients with diabetes 
versus stroke patients without diabetes
Decade Patients with
stroke, n
Patients with
diabetes, n
p value
51–60 years 19 yes: 5
no: 14
0.01
61–70 years 57 yes: 7
no: 50
0.54
71–80 years 60 yes: 9
no: 51
0.75
81–90 years 12 yes 7
no: 5
0.35
n, number of patients; p value significant at the p < 0.05 level.
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Cofactor Diabetes
We could not find a significant correlation of RVD in 
diabetics with stroke and stroke patients aged 61–90 years 
without diabetes (Table 4). Compared to patients without 
diabetes, diabetics did not have significantly lower values 
of RVD. Statistical analysis resulted in the following p val-
ues: p = 0.52 (61–70 years), p = 0.75 (71–80 years), and 
p = 0.35 (81–90 years). Conversely, the group of 51- to 
60-year-old diabetic stroke patients showed significantly 
lower levels of RVD than those without diabetes in their 
medical history (p = 0.01).
Multiple linear regression analysis was used to develop 
a model for predicting RVD from age, gender, stroke, hy-
pertension, and diabetes. Basic descriptive statistics and 
regression coefficients are shown in Table 5. All variables 
significantly predicted RVD in band 3, with F(5, 1,402) = 
84,504, p < 0.005. Age, gender, and stroke added statisti-
cally significantly to the prediction (p < 0.05), whereas 
hypertension and diabetes did not reach the level of sig-
nificance.
Discussion
Several studies have focused on the relationship be-
tween microvascular cerebral alterations and ageing. Be-
sides a reduction of cerebral blood flow, the ageing brain 
shows a decreased glucose and oxygen metabolism [15–
17]. Similarly, it has been revealed that the retinal blood 
flow and metabolic demand decrease incrementally with 
age [18, 19].
Riddle et al. [20] analyzed 22 studies and showed a de-
cline of cerebral vascular density with age. Buée et al. [21] 
reported that the vascular density of the brain in 2 normal 
subjects aged 79 years compared to 1 young subject aged 
49 years was decreased by 26%.
Powers and Zazulia [22] revealed that the assessment 
of the cerebral vasculature is important in determining an 
individual’s risk of particular cerebrovascular diseases, 
such as stroke.
The relationship of the cerebral and retinal microcir-
culation systems suggests that funduscopic examination 
Table 5. Multiple linear regression model of retinal vascular density in band 3
Model summary
Model R R2 Adjusted R2 SEE
1 0.482a 0.232 0.229 0.02004428
ANOVAb
Model Sum of squares df Mean square F Sig.
1 regression 0.170 5 0.034 84.804 0.000a
residual 0.563 1,402 0.000
total 0.734 1,407
Coefficientsb
Model Unstandardized,
B
Coefficients,
SE
Standardized
coefficients β
t Sig.
1 (constant) 0.126 0.009 14.210 0.000
age –0.008 0.001 –0.384 –15.107 0.000
gender 0.004 0.001 0.095 4.048 0.000
stroke 0.012 0.005 0.162 2.423 0.016
hypertension 0.000 0.005 0.006 0.096 0.923
diabetes –0.001 0.004 –0.004 –0.153 0.878
SEE, standard error of the estimate; SE, standard error; sig., significance. a Predictors: 1 (constant), diabetes, gender, age, hypertension, 
stroke. b Dependent variable: retinal vascular density in band 3.
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or retinal photography is a useful and fast method to per-
form risk stratifications of cerebrovascular diseases at 
ophthalmological routine examinations [6–8].
As retinal vascular changes reflect specific cerebral mi-
crovasculopathy, our findings seem to confirm findings 
from earlier studies [23]. Data published in the Athero-
sclerosis Risk in Communities Study (ARIC) showed that 
persons with retinal vascular changes at baseline were 2- 
to 3-fold more likely to develop an incident clinical stroke 
[24]. Arteriovenous nicking, focal arteriolar narrowing, 
microaneurysms, a decreased arteriovenous ratio, and 
larger retinal venular caliber have been shown to be as-
sociated with an increased risk for stroke [25]. Our data 
showed that patients with stroke have a decreased RVD 
analyzing the posterior pole. The RVD calculated by the 
ratio area of vessels per area of retina resembles an addi-
tional aspect to quantify retinal microvascular structure.
The retinal vascular area in the stroke group showed 
significant lower values of vessel area in defined areas sur-
rounding the optic disk compared to age-matched healthy 
controls. The retinal vascular density measured in band 3 
averaged out 11.6% in controls and 9.3% in stroke pa-
tients. This means that in age-matched stroke patients the 
vascular density is decreased by 20% corresponding to 
data of Buée et al. [21]. The RVD of the stroke group re-
sulted in 15.9% lower vascular density in band 4, 14.1% 
lower values in band 5, 14% lower values in band 6, and 
30.6% lower values in band 7. The greatest gradient to 
controls was found in the stroke group aged 51–60 years. 
We showed that RVD decreased towards the retinal pe-
riphery.
Secondly, we found a significant correlation of the 
RVD and age. Both control and stroke group revealed a 
significant decline of RVD with increasing decades. In the 
stroke group, RVD was significantly lower than in age-
matched controls.
Our findings are in accordance with earlier data pub-
lished by Ciulla et al. [6] in 2000, who carried out a com-
puterized analysis of digitized photos of the fundus oculi 
in circular areas around the optic disk. They found that 
RVD in 68 nonsmoking, normotensive normal subjects 
was significantly related to age. Both the retinal and the 
cerebral microvascular systems sustain similar changes 
with ageing [6].
Additionally, this analysis revealed that there is no sig-
nificant difference between the RVD in hypertensive 
stroke patients and normotensive stroke patients aged 
41–70 years. Conversely, we found significance in older 
hypertensive subjects. The same applies to the RVD in 
male and female patients with apoplexy. Only middle-
aged subjects with diabetes and stroke showed a signifi-
cant decrease in RVD.
Progress in retinal automated retinal vascular imaging 
technologies has provided clinicians and researchers with 
noninvasive means to measure and quantify abnormali-
ties in the retinal microvasculature. However, further 
work is needed to improve photography, as the segmented 
vessels used for our calculation depend on image quality.
Limitations of our retrospective study include that ret-
inal vascular density depends on image quality. Any pho-
tographs that were not of sufficient quality were excluded.
Conclusion
The newly developed image-analyzing program al-
lowed measurements of RVD using 45-degree color im-
ages of the retina with a good reliability. The area of reti-
nal vessels significantly decreased with age. In patients 
with recent stroke the RVD was significantly reduced 
compared to age-matched healthy controls. Hyperten-
sion and stroke are associated with significantly decreased 
RVD in old subjects whereas diabetes and stroke are as-
sociated with significantly decreased RVD in middle-
aged subjects. These findings could be useful for clinical 
monitoring as a reduced RVD is a manifestation of hy-
pertensive microangiopathy. RVD is a new parameter for 
noninvasive medical evaluation of vessel network with-
out dependence on other parameters. Prospectively, RVD 
may be useful in identifying early changes in the retinal 
vascular system during ageing and in patients with cere-
brovascular disease.
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